Background {#Sec1}
==========

Cervical cancer (CerCancer) is the fourth most frequent cancer in women worldwide and ranks 14th in frequency in the US \[[@CR1]\]. CerCancer remains a major cause of cancer-related mortality worldwide \[[@CR2]\]. The CerCancer death rate in the US, in 2016 was 2.2 per 100,000 which was less than half of that in 1975 (5.6 per 100,000), this was due to declines in incidence and the early detection of the cancer through screening. From 2007 to 2016, the death rate decreased by about 1 % per year in women 50 years of age and older, but was stable in women under 50 years of age \[[@CR3]\]. From 2005 to 2014, the CerCancer mortality rate in Alabama was 3.2 per 100,000 population, which was significantly, higher than the US rate of 2.3 per 100,000 population. Black Alabamians have a significantly higher CerCancer mortality rate than their White counterparts with a rate of 5.2 per 100,000 and 2.7 per 100,000 population respectively \[[@CR4]\]. In the past 40 years and as a result of increased surveillance and improved treatments \[[@CR5]\], both the incidence and mortality rates of CerCancer have significantly decreased. Although the decline in mortality from CerCancer has occurred across all racial and ethnic groups, a disproportionate burden of CerCancer still exists between Blacks and their White counterparts \[[@CR6]\]. It has also been found that Blacks are more likely to be diagnosed with advanced stages of CerCancer compared to their White counterparts \[[@CR7]\].

Survival of cancer patients in tandem with incidence, prevalence and mortality, constitute some of the fundamental basic indicators of cancer burden. Population-based survival of cancer patients is a valuable indicator as has been shown by Cancer registries for over 60 years \[[@CR8]\]. The healthcare systems are usually inaccessible and not affordable for the underserved minority population, especially in the medical facilities with advanced equipment for cancer treatment. As usually presented by clinicians, however, it varies greatly in many ways for the survival of patient groups with a particular disease treated in individual hospitals \[[@CR8]\]. It has been shown that cancer registries, which are population-based, have important roles to play both at national and international levels in the improvement of cancer patient's care programs and policies. Monitoring of cancer trends, care patterns, survival estimates and provision of evidence-based outcomes for clinicians, public health administrators and policy makers are made possible due to data that is accurate and emanates from population-based cancer registries \[[@CR9]\].

Survival measures are usually stratified into three major groups: Firstly, the overall survival group, which includes all causes of death; secondly, net survival group, where the competing causes of death are removed; and thirdly, the crude survival group, which consists of death resulting from other competing causes, death from the cancer, or surviving. Depending on whether cause of death information is available, both net survival and crude survival were calculated differently \[[@CR9]\]. Of all the three groups, the overall survival is the most easily understood group. It is also the most reliable and accessible survival measure because it uses death from all causes as the endpoint. However, the overall survival is not detailed enough to provide information on survival associated with cancer diagnosis. Higher survival may be a result of fewer deaths from other causes or fewer deaths from the specific cancer \[[@CR9]\].

Quantifying changes for cancer survival patients is significantly important, as efficacy of the advanced treatment therapies in clinical trials are of limited practical value since these treatment therapies cannot be applied into clinical practice. However, there are only two methodological challenges in assessing and tracing cancer survival trends in a specific population. Firstly, medical care has generally improved over time, but still it is difficult to determine that this improvement of survival of cancer patients is because of improvement of cancer treatment regimens or because of increased life expectancy in the population as a whole \[[@CR10]\]. Secondly, because of some limitations in calculating cancer-specific survival as cause of death, information from death certificates are often not accurate. This may not reflect cancer-associated mortality in patients who die from complications and death due to cancer \[[@CR11], [@CR12]\].

The basic way of categorizing how far a cancer has spread from its site of origin, is determined by the Surveillance, Epidemiology, and End Results (SEER) summary stages. Most of the North America cancer registries reported their data by the summary stages. These staging categories are broad enough in measuring the success of both cancer control efforts and other epidemiologic efforts \[[@CR13]\]. Whites compared to Blacks have been found to have higher survival rates of CerCance in several studies \[[@CR14]--[@CR19]\]. Many factors can be attributed to racial differences, lack of early detection and late stages at presentation \[[@CR16], [@CR20]\], no adherence to recommended follow-up care of cervical dysplasia \[[@CR21]\], and socioeconomic status (SES) \[[@CR22]--[@CR25]\]. After controlling for CerCancer stage and treatment, however, a number of studies have not found racial differences in relative survival ratio estimates \[[@CR26]--[@CR28]\]. Due to these conflicting results, it has been emphasized there is a need to further examine the association between CerCancer relative survival ratios and race \[[@CR16], [@CR18], [@CR20], [@CR28]\]. Thus, the objective of this study was to assess racial differences in the 5-year relative survival ratios (RSR) of CerCancer by stage at diagnosis, between African American (Black) and White women living in Alabama, using SEER data from 2004 to 2013.

Methods {#Sec2}
=======

Study populations and data source {#Sec3}
---------------------------------

There were 24,543 White and Black women aged 15 or more years diagnosed with invasive CerCancer in the 18 SEER registries from 2004 to 2013. Of these 21,059 (85.8%) were White and 3484 (14.2%) were Black (Table [1](#Tab1){ref-type="table"}). The SEER program of the National Cancer Institute (NCI) is an authoritative source of information on cancer incidence and survival in the US. The SEER program currently collects and publishes cancer incidence and survival data from population-based cancer registries covering approximately 30% of the US population. The SEER coverage is composed of 25% Whites, 26% African Americans, 38% Hispanics, 44% American Indians and Alaska Natives, 50% Asians, and 67% Hawaiian/Pacific Islanders; the SEER program is considered a benchmark for cancer survival surveillance in the US \[[@CR29]\]. Table 15-Year Relative Survival (age standardized) SEER 18, Malignant Derived SS 2000 (Localized, Regional, Distant and Unknown Stages) Cervical Cancer in Black and White Alabamians by County, Includes Cases Diagnosed in 2004--2013CountyStageNumber of women alive at the start of the first interval5-year % relative survivalThe relative cumulative survival CIs lower & upperNumber of women alive at the start of the first interval5-year % relative survivalThe relative cumulative survival CIs lower & upper**BlacksWhites**UrbanLocalized22372.755.4--84.2164777.870.7--83.3Regional20943.931.8--55.4120448.843.5--53.9Distant97^aa^47212.28.3--17.0Unknown21^aa^10830.719.1--43.2Black BeltLocalized9473.247.4--87.8108883.874.5--89.9Regional115^aa^80949.543.4--55.4Distant36^aa^28314.29.0--20.6Unknown1417.013.8--20.510040.728.7--52.3Other RuralLocalized102583.874.2--90.1732383.779.9--86.8Regional108949.043.4--54.3542651.248.7--53.7Distant40811.77.4--17.0195913.611.4--16.1Unknown15335.426.2--44.764039.834.4--45.2CIs Confidence interval: The level is 95%^a^ The statistic could not be calculated (The RSR could not be calculated because there was only expected percentage and the observed percentage was missing)

Variables {#Sec4}
---------

Patients who were diagnosed with primary malignant localized, regional, distant and unknown CerCancer between 2004 and 2013 were selected from the November 2015 submission of SEER-18 registries, including the three groups of counties (urban, Black Belt and other rural counties) of Alabama (Fig. [1](#Fig1){ref-type="fig"}). Patients were followed for 5 years from diagnosis or until December 2013. Data for the patients who had died from CerCancer their diagnosis was confirmed by death certificates or by autopsy \[[@CR29]\]. Fig. 1Urban, rural Black Belt and other rural counties of Alabama. ![](12885_2020_7338_Figa_HTML.gif){#d30e988} Urban Counties: Baldwin, Calhoun, Etowah, Houston, Jefferson, Lauderdale, Lee, Madison, Mobile, Montgomery, Morgan, Shelby, Tuscaloosa. ![](12885_2020_7338_Figb_HTML.gif){#d30e991} Rural Black Belt Counties: Bullock, Choctaw, Dallas, Greene, Hale, Lowndes, Macon, Marengo, Perry, Pickens, Sumter, Wilcox. ![](12885_2020_7338_Figc_HTML.gif){#d30e994} Other Rural Counties: Autauga, Barbour, Bibb, Blount, Butler, Chambers, Cherokee, Chilton, Clarke, Clay, Cleburne, Coffee, Colbert, Conecuh, Coosa, Covington, Crenshaw, Cullman, Dale, DeKalb, Elmore, Escambia, Fayette, Franklin, Geneva, Henry, Jackson, Lamar, Lawrence, Limestone, Marion, Marshall, Monroe, Pike, Randolph, Russell, St. Clair, Talladega, Tallapoosa, Walker, Washington, Winston

The SEER\*Stat software provides data on age standard adult cancer populations (ages 15 years and older) to calculate age standardized survival. The International age-standardized cancer survival was used to compare survival across time or different cancer populations with different age distributions \[[@CR30]\]. The SEER\*Stat software provides weights by 5-year age groups using the age variable, "Age recode with less than one year old", and by five age groups (15--44, 45--54, 55--64, 65--74, 75 years and older) as defined by Corazziari et al. in 2004, weights for ages under 15 is zero \[[@CR30]\]. Therefore, the appropriate age standard at diagnosis CerCancer survival that was classified into above mentioned five groups was used in this study.

The Site, Morphology and Site recodes International Classification of Diseases for Oncology (ICD-O)-3/ World Health Organization (WHO) 2008, where cancer sites are categorized were used to select the cancer site of our interest "cervix uteri." In SEER\*Stat software there are two variables which have the same name "stage". The variables with definitions stage I, stage II, stage III and stage IV are based on the American Joint Committee on Cancer (AJCC) staging scheme. The stage variable with definitions local, regional, distant and unknown uses the Summary Stage algorithm. Both stages use the extent of disease information (size of tumor, extension of tumor and associated lymph node status) to calculate the stage variable. The summary stage tends to be used when doing analysis over time, as there is more consistency over time. In this study our data were stratified by SEER historic staging scheme at diagnosis, provided information for in situ and invasive CerCancer, with the invasive CerCancer being classified into the following four stage categories: (i) localized (invasive cancer confined to the organ of origin), (ii) regional (spread to adjacent organs and/or regional lymph nodes by direct extension), (iii) distant (extension to organs other than those covered in the regional category or metastases to distant organs or distant lymph nodes), and (iv) unknown (cancer of unknown primary origin), these four stages are critical and strong predictors of cancer survival \[[@CR29]\].

Statistical analysis {#Sec5}
--------------------

Relative cancer survival is cancer survival in the absence of other causes of death and is usually calculated using some demographic factors such as some socioeconomic status (SES), geographic location, race and annual life tables. These life tables are recommended when using statistics that are limited from 1992 to 2013, or for limited geographic locations, race and ethnicity groups other than Whites and Blacks \[[@CR31]\]. Relative survival is a net survival measure representing cancer survival in the absence of other causes of death. Relative survival is defined as the ratio of the proportion of observed survivors in a cohort of cancer patients to the proportion of expected survivors in a comparable set of cancer free individuals. On the other hand, cause-specific survival is considered a net measure survival because it represents survival of a specified cause of death in the absence of other causes of death \[[@CR32]\]. In the absence of life tables or are inaccurately estimate expected survival for a specific group of cancer patients, cause-specific survival considered more accurate methods than relative survival \[[@CR33]\]. In this study, the five-year relative survival of CerCancer was used as it is the most suitable method to compare survival between different registries worldwide. This is because cause of death may not be easily available or there may be inconsistency in the accurate determination of cause of death globally \[[@CR34]\]. However, when accurate life tables are available, relative survival will only be calculated to represent expected survival of the cohort of cancer patients. In population studies, there is incomparability of the observed survival between different populations and the availability of life tables of different general populations such as those for Blacks and Whites. In this study, five-year relative survival methods were the most appropriate methods to use for the estimation of the net cancer survival, rather than the cause-specific survival, whereas the net cancer survival can be estimated by other relative survival methods, rather than by the cause-specific survival \[[@CR8]\]. Additionally, a RSR of 100% implies that a cancer patient cohort is just as likely to survive the given interval as a cohort in the general population of the same sex and age; it does not necessarily mean that everyone in the group has survived cancer \[[@CR29]\].

The analysis was conducted using the SEER\*Stat software version 8.3.2 developed by the National Cancer Institute (NCI) for the analysis and reporting of cancer statistics, in particular, statistics regarding CerCancer survival, in conjunction with Excel functions to model and analyze the racial dynamics of CerCancer survival. Calculated statistics such as relative and Confidence Intervals (CI) were obtained and presented in Microsoft word 2016 tables and bar graphs using Excel functions. When comparing two RSRs for two different or independent populations (Blacks and Whites stratified by age group, county and stage of CerCancer) to determine whether a significant difference exists between them, then the 95% CIs for both rates are compared.

A confidence interval provides a range of plausible values (lower and upper bounds) it provides a range of values, which is likely to contain the population parameter of interest. In this study, we calculated the level of confidence set at 95%. Confidence intervals use the variability of data to assess the precision or accuracy of the estimated statistics. Confidence intervals were used to compare two groups (Blacks and Whites). The precision of the statistics depends on some factors which affect the width of the confidence interval these include the size of the sample, the confidence level, and the variability in the sample. A tighter confidence interval with a smaller margin of error will be because of a larger sample size or lower variability. Conversely, a wider confidence interval with a larger margin of error will be because of a smaller sample size or a higher variability. A higher level of confidence will tend to produce a broader confidence interval. A close-fitting interval at 95% or higher confidence is ideal. The confidence interval can be described as the difference between the upper and lower bounds. The confidence interval around the mean is twice the margin of error. The confidence interval is half the width of the margin of error \[[@CR35]\].

Results {#Sec6}
=======

From 2004 to 2013, in the 18 SEER registries there were 24,543 White and Black women aged ≥15 years that were diagnosed with invasive CerCancer. Of these 21,059 (85.8%) were Whites and 3484 (14.2%) were Blacks. As presented in Table [1](#Tab1){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"}, we compared the highest 5 year Relative Survival Rates (RSRs) between Blacks and Whites living in all the three county groups (urban, BB and other rural counties) of Alabama. It was observed that in general Whites diagnosed with localized stages of CerCancer and living in all the three county groups always had higher RSRs, compared to their Black counterparts. The only exception was in Blacks living in the other rural counties and in Whites living in BBC who had the same overall highest RSRs. In the urban counties, Whites diagnosed with localized stage of CerCancer, had a significantly higher RSR of 77.8% (95% CI 70.7--83.3%), compared to Blacks who had a lower RSR of 72.7% (95% Cl, 55.4--84.2). Whites living in the BBC and Blacks living in the other rural counties diagnosed with localized stage of CerCancer had the same significantly highest RSRs of 83.8% (95% CI 74.5--89.9) and 83.8% (95% Cl, 74.2--90.1) respectively. Whites diagnosed with localized stage of CerCancer living in the BBC had the significantly highest RSR of 83.8% (95% CI 74.5--89.9) compared to Blacks who had an RSR of 73.2% (95% Cl, 47.4--87.8). Although in other rural counties, Blacks diagnosed with localized stage of CerCancer had a slightly higher RSR of 83.8% (95% Cl, 74.2--90.1), compared to Whites who had an RSR of 83.7% (95% CI 79.9--86.8%), Whites were considered to have a better RSR. This was because of the precision of the statistics, which depended on their sample size and variability. Whites had a larger sample size of 7323 women and a lower variability therefore, more reliability resulting in a tighter confidence interval (86.8--79.9 = 6.9) with a smaller margin of error (6.9/2 = ± 3.45%). This was compared to the smaller sample size of 1025 women and a higher variability therefore, less reliability in Blacks resulting in a wider confidence interval (90.1--74.2 = 15.9) with a larger margin of error (15.9/2 = ± 7.95%), see Table [1](#Tab1){ref-type="table"}. Fig. 25-year relative survival rates of cervical cancer in Blacks and Whites in Alabama. ![](12885_2020_7338_Figd_HTML.gif){#d30e1064} Urban. ![](12885_2020_7338_Fige_HTML.gif){#d30e1067} Black Belt. ![](12885_2020_7338_Figf_HTML.gif){#d30e1070} Other Rural

Tables [2](#Tab2){ref-type="table"}, [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"} and Figs. [3](#Fig3){ref-type="fig"}, [4](#Fig4){ref-type="fig"} and [5](#Fig5){ref-type="fig"} represent detailed comparisons of the RSRs between Blacks and Whites living in the urban, BB and other rural counties of Alabama stratified by five age groups (15--44, 45--54, 55--64, 65--74, and 75 years and older) and four stages of CervCancer (localized, regional, distant and unknown). It was observed that young Whites 15--44 years old, diagnosed with localized stage of CerCancer and living in all the three county groups always had the highest RSRs, compared to their Black counterparts. The only exception was in Blacks 65--74 years old, living in the other rural counties who had the highest RSR. In the urban counties, Whites diagnosed with localized stage of CerCancer, had a significantly higher RSR of 93.6% (95% CI 91.4--95.2%), compared to Blacks who had an RSR of 89.2% (95% Cl, 79.6--94.5). In addition, Whites diagnosed with localized stage of CerCancer living in the BBC had a significantly higher RSR of 93.6% (95% CI 90.8--95.6), compared to Blacks who had an RSR of 91.8% (95% Cl, 75.0--97.5). However, in the other rural counties, Blacks diagnosed with localized stage of CerCancer had the highest RSR of 96.9% (95% Cl, 82.9--99.5), compared to Whites who had an RSR of 94.6% (95% CI 93.6--95.4%). Although, Blacks diagnosed with localized stage of CerCancer and living in other rural counties had a higher RSR, compared to their White counterparts, their RSR was better. As previously stated in Table [1](#Tab1){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"} this is because of the precision of the statistics, which depended on the sample size and variability. Whites had a larger sample size of 4105 women and a lower variability therefore, more reliability resulting in a tighter confidence interval (95.4--93.6 = 1.8) with a smaller margin of error (1.8/2 = ± 0.9%). This was compared to the smaller sample size of 78 women and a higher variability therefore, less reliability resulting in Blacks resulting in a wider confidence interval (99.5--82.9 = 16.6) with a larger margin of error (16.6/2 = ± 8.3%), see Table [4](#Tab4){ref-type="table"}. Table 25-Year Relative Survival (age standardized) SEER 18, Malignant Derived SS 2000 Cervical Cancer in Black and White Alabamians, Living in Urban by Age Includes Cases Diagnosed in 2004--2013StageAge group in yearsNumber of women alive at the start of the first interval5-year % relative survivalThe relative cumulative survival CIs lower & upperNumber of women alive at the start of the first interval5-year % relative survivalThe relative cumulative survival CIs lower & upper**BlacksWhites**Localized15--4410889.2^a^79.6--94.5^a^95493.6^a^91.4--95.2^a^45--545476.2^a^58.2--87.2^a^34186.6^a^81.4--90.5^a^55--643081.1^a^55.5--92.8^a^18588.1^a^79.7--93.1^a^65--741466.6^a^26.9--88.2^a^10990.4^a^76.4--96.3^a^75^b^1766.6^a^23.4--89.2^a^5849.5^a^29.8--66.5^a^Regional15--446459.6^a^42.7--73.0^a^38867.461.6--72.645--545244.9^a^28.4--60.2^a^32964.3^a^57.9--70.0^a^55--643761.3^a^39.6--77.2^a^24760.8^a^53.0--67.6^a^65--742640.2^a^16.1--63.4^a^14847.2^a^36.3--57.4^a^75^b^3029.7^a^7.3--56.9^a^9230.1^a^17.9--43.3^a^Distant15--4423^bb^10321.2^a^12.4--31.6^a^45--542533.3^a^14.6--53.2\#12520.1^a^12.1--29.7^a^55--642043.2^a^19.2--65.3^a^11215.3\#7.9--24.8^a^65--74170.0^b^767.1^a^1.4--19.3^a^75^b^120.0^b^569.5^a^3.0--20.7^a^Unknown15--44767.2^a^19.2--90.9^a^3974.0^a^53.9--86.4^a^45--5440.0^b^1854.4^a^28.9--74.3^a^55--64334.3^a^0.8--78.7^a^1515.5^a^0.9--47.6^a^65--743^bb^1131.0^a^7.3--59.2^a^75^b^428.8^a^0.8--72.7^a^2522.3^a^6.6--43.7^a^CIs Confidence interval: The level is 95%^a^ The relative cumulative survival increased from a prior interval and has been adjusted^b^ The statistic could not be calculated (The RSR could not be calculated because there was only expected percentage and the observed percentage was missing)Table 35-Year Survival (age standardized) SEER 18, Malignant Derived SS 2000 Cervical Cancer in Black and White Alabamians, Living in Black Belt Counties Includes Cases Diagnosed in 2004 2013StageAge group in yearsNumber of women alive at the start of the first interval5-year % relative survivalThe relative cumulative survival CIs lower & upperNumber of women alive at the start of the first interval5-year % relative survivalThe relative cumulative survival CIs lower & upper**BlacksWhites**Localized15--444291.8^b^75.0--97.5^b^64593.6^b^90.8--95.6^b^45--541591.1^b^42.4--99.0^ba^23092.7^b^86.9--95.9^b^55--642473.8^b^47.3--88.4^b^11389.076.9--95.065--74976.4^b^23.2--95.2^b^6587.8^b^67.1--95.9^b^75^c^457.8^b^3.8--91.2^b^3569.6^b^42.7--85.7^b^Regional15--443245.5^b^23.4--65.3^b^28363.6^b^56.6--69.7^b^45--542663.0^b^37.4--80.5^b^19960.4^b^51.5--68.2^b^55--642047.9^b^22.1--69.9^b^15362.2^b^52.1--70.7^b^65--742739.2^b^15.1--62.9^b^9249.735.7--62.275^c^10^c^8231.5^b^18.8--44.9^b^Distant15--4450.0^c^7123.7^b^13.8--35.6^b^45--54812.6^b^0.7--42.6^b^8323.1^b^8.8--33.7^b^55--6412^cc^6819.8^b^0.3--33.9^b^65--74825.5^b^3.7--56.7^b^373.9^b^3.5--16.4^b^75^c^30.0^c^2414.1^b^13.8--31.9^b^Unknown15--44571.8^b^8.7--95.6^b^3074.0^b^49.3--88.0^b^45--542100.0\*^bbc^2259.0^b^33.5--77.5^b^55--6430.0^c^1737.1^b^13.3--61.4^b^65--7410.0^c^1651.3^b^23.1--73.7^b^75^c^30.0^c^1517.3^b^2.9--42.1^b^CIs Confidence interval: The level is 95%^a^ The width of the confidence interval is more than 25% larger than if the normal approximation was applied^b^ The relative cumulative survival increased from a prior interval and has been adjusted^c^ The statistic could not be calculated (The RSR could not be calculated because there was only expected percentage and the observed percentage was missing)Table 45-Year Relative Survival (age standardized) SEER 18, Malignant Derived SS 2000 Cervical Cancer in Black and White Alabamians, Living in Other Rural Includes Cases Diagnosed in 2004--2013StageAge group in yearsNumber of women alive at the start of the first interval5-year % relative survivalThe relative cumulative survival CIs lower & upperNumber of women alive at the start of the first interval5-year % relative survivalThe relative cumulative survival CIs lower & upper**BlacksWhites**Localized15--4450887.9^b^84.1--90.8^b^410594.6^b^93.6--95.4^b^45--5424182.5^b^75.2--87.8^b^166991.789.7--93.355--6414678.3^b^67.8--85.7^b^86789.085.7--91.565--747896.9\*^b^82.9--99.5^ba^44985.3^b^79.3--89.7^b^75^c^5274.6^b^39.6--91.1^b^23371.8^b^59.8--80.8^b^Regional15--4435650.3^b^44.3--56.0^b^174263.760.9--66.345--5428651.0^b^44.0--57.5^b^142059.956.7--62.955--6420953.844.6--62.0109256.3^b^52.6--59.9^b^65--7411553.4^b^40.6--64.7^b^67456.051.1--60.675^c^12339.6^b^27.7--51.3^b^49835.8^b^29.5--42.1^b^Distant15--449210.1^b^4.1--19.2^b^45323.5^b^19.2--28.2^b^45--5410613.66.7--22.949019.3^b^15.3--23.8^b^55--641009.3^b^4.1--17.1^b^52217.914.1--22.265--745913.4^b^5.0--25.9^b^28611.4^b^6.9--17.3^b^75^c^5111.5^b^3.4--24.9^b^2087.7^b^3.7--13.7^b^Unknown15--445270.5^b^54.1--81.9^b^21877.7^b^70.1--83.5^b^45--542458.1^b^34.8--75.7^b^12557.1^b^46.8--66.1^b^55--642535.8^b^16.1--56.1^b^9245.2^b^32.8--56.8^b^65--742147.2^b^23.1--68.0^b^8744.0^b^31.6--55.7^b^75^c^315.6^b^0.4--22.4^b^11815.1^b^7.5--25.3^b^CIs Confidence interval: The level is 95%^a^ The width of the confidence interval is more than 25% larger than if the normal approximation was applied^b^ The relative cumulative survival increased from a prior interval and has been adjusted^c^ The statistic could not be calculated (The RSR could not be calculated because there was only expected percentage and the observed percentage was missing)Fig. 35-year relative survival rates of cervical cancer in Blacks and Whites in urban counties. ![](12885_2020_7338_Figg_HTML.gif){#d30e3095} Blacks. ![](12885_2020_7338_Figh_HTML.gif){#d30e3098} WhitesFig. 45-year relative survival rates of cervical cancer in Blacks and Whites in Black Belt counties. ![](12885_2020_7338_Figi_HTML.gif){#d30e3110} Blacks. ![](12885_2020_7338_Figj_HTML.gif){#d30e3113} WhitesFig. 55-year relative survival rates of cervical cancer in Blacks and Whites in other rural counties. ![](12885_2020_7338_Figk_HTML.gif){#d30e3125} Blacks. ![](12885_2020_7338_Figl_HTML.gif){#d30e3128} Whites

In this study, we interpret our results of confidence intervals overlap based on the Cornell Statistical Consulting Unit, which states that determining whether confidence intervals overlap is an overly conservative approach for identifying significant differences between groups. It is true that when confidence intervals do not overlap, the difference between groups is statistically significant (at the 0.05 level of significance). However, when there is some overlap, the difference might still be significant (Cornell Statistical Consulting Unit, 2008). Blacks living in the BBC, aged 45 to 54 years and diagnosed with unknown stage of CerCancer had 100% survival rate, which indicated that all the patients survived. This result was excluded in this study because of a very small sample size. There were only two women alive at the start of the first interval. It should be noted that Blacks diagnosed with regional, distant and unknown stages of CerCancer and living in urban and BB counties their survival rates could not be determined because of insufficient data (Their RSRs could not be calculated because there was only the expected percentage and the observed percentage was missing).

Discussion {#Sec7}
==========

This study was conducted to assess the racial differences in the 5-year Relative Survival Rates (RSRs) of CerCancer by stage at diagnosis between Black and White women, living in the urban, BB and other rural counties of Alabama. The study results indicate that there are significant racial differences in the RSRs. However, examination of the characteristics (age at diagnosis, stages of the CerCancer, and geographical locations) between Blacks and Whites showed that these two groups of women were dissimilar in these characteristics. Comparing ostensibly dissimilar groups remains a challenging aspect of epidemiological studies.

In a previous study, the RSR for all women with CerCancer was 66%. However, survival rates can vary by factors such as race, ethnicity and age. The RSRs for White women was 69% and for Black women was 56%. For White women under 50 years, the RSR was 78%. For Black women 50 years and older, their RSR was 47% \[[@CR36]\]. The RSRs also depend on the diagnosed stage of CerCancer. When detected at an early stage, the RSR for women with invasive CerCancer was 92%. About 44% of women with CerCancer was diagnosed at an early stage. If CerCancer has spread to surrounding tissues or organs and/or the regional lymph nodes, the RSR was 56%. If the cancer has spread to a distant part of the body, the RSR was 17% \[[@CR36]\].

Our analysis showed that there were racial differences in the 5-year relative survival rate (RSRs) of CerCancer. Overall, Black women experienced the worst RSRs compared to their White counterparts. This study found that Whites diagnosed with localized stages of CerCancer and living in all the three county groups always had better chances of survival. This was because their RSRs were always more than 77%, compared to their Black counterparts. The only exception was in Blacks living in the other rural counties, who had significantly highest RSR of 83.8%, which was the same as in Whites living in the BBC. Although, Whites living in the other rural counties had a slightly lower RSR of 83.7%, compared to both Blacks and Whites with a slightly higher RSR of 83.8%, their RSR was better. This was because of the precision of the statistics, which depended on their larger sample size and a lower variability therefore, more reliability resulting in a tighter confidence interval with a smaller margin of error.

This study also highlights the comparisons of the RSRs for both Blacks and Whites by CerCancer stages (localized, regional, distant and unknown), age groups (15--44, 45--54, 55--64, 65--74, and 75 years and older) and living in the urban, BB and other rural counties of Alabama. In all the three groups of counties, the study results indicate that Whites 15--44 years old diagnosed with localized stage of CerCancer had a higher RSR of 93.6% for those living in both the urban and BB counties, and the RSR of 94.6% for those living in the other rural counties. The only exception was in Blacks 65--74 years old and living in the other rural counties who had the highest RSR of 96.9%. However, Whites were considered to have a better RSR. As previously stated, this was because of the precision of the statistics, which depended on their larger sample size and a lower variability therefore, more reliability resulting in a tighter confidence interval with a smaller margin of error.

Age is known to be an important prognostic factor for developing CerCancer. It has been found that the RSR is highly dependent on the age at diagnosis, which was in agreement with the findings from the European Alcohol Policy Alliance (EUROCARE) Study conducted in the European countries \[[@CR37]\] as well as the results reported by Adami et al. \[[@CR38]\]. Additionally, in this study we compared the RSRs not only by race but also by age groups, stages of CerCancer and geographical locations. Similarly, our results are in agreement with the findings from the above previous studies \[[@CR37], [@CR38]\] regarding the age. This was observed to be mostly true in Whites, especially those living in other rural counties, diagnosed with localized, regional, distant and unknown stages, their RSRs for CerCancer gradually declined with increasing age. Overall, in this study, both Blacks and Whites diagnosed with CerCancer in all its stages living in the urban, BB and other rural counties, it was observed that as the age increased the chances of surviving CerCancer 5 years after diagnosis decreased. This was irrespective of the race, stages of CerCancer and geographical locations with few exceptional cases.

The results of this study are in agreement with what Hicks et al. reported in their findings there was clearly, a notable disparity in CerCancer survival between various minority populations and Whites \[[@CR7]\]. In our recent study \[[@CR7]\], the results were similar to those of Hicks et al., whereby it was found that, identifiable factors that affect survival disparity were inadequate screening and/or treatments, inappropriate treatments or comorbid illnesses \[[@CR7]\]. In addition, according to the National Health Survey, similar CerCancer screening rates were reported among Black and White Americans \[[@CR39]\]. Significantly, in contrast, our recent study findings \[[@CR40]\] regarding CerCancer screening, showed high rates of CerCancer mortality, which was more than triple in Black Alabamians (between 2002 and 2012), despite their high screening rates (between 2000 and 2010), compared to their White counterparts. This study shows conclusively that in Alabama, a disparity still exists for the high CerCancer mortality in Blacks, despite the higher rates of screening as would otherwise be expected \[[@CR40]\]. In spite of all this, Blacks were still more likely to be diagnosed with advanced stages of CerCancer, and their chances of surviving 5 years after diagnosis was lower compared to their White counterparts. The racial differences in CerCancer stage at diagnosis may be due to differences in the quality of screening and follow-up after abnormal Pap test results \[[@CR39]\]. Access to quality health care was often compromised among underserved minorities, particularly Blacks, the uninsured and older women \[[@CR7], [@CR41]\].

In this study, we had some limitations in our analysis. Although various prognostic factors were available for many States in the SEER database and in other tumor registry databases, Alabama factors were not fully accessible in the databases. This is why these factors were not taken into consideration in the analysis. These factors included information on life-style or other individual factors such as screening access, socioeconomic status (SES) and comorbidities. Despite these limitations, the differences in CerCancer survival clearly highlight the importance of affordability and accessibility to and use of diagnostic and treatment facilities for minority populations. Differences in CerCancer survival and making adequate facilities affordable and accessible should be given priority. To reduce and/or eliminate the racial differences in CerCancer stages at diagnosis. Emphasis should also be given to promoting early diagnosis through quality screening, follow-up after abnormal Pap test results and access to quality health care, particularly in Blacks, the uninsured and older women living in Alabama, especially in the BBC.

Conclusion {#Sec8}
==========

Although the gap in the 5-year relative survival rates (RSR) of CerCancer in Alabama has narrowed over time, the disparity still persists. If the dismal narrowing is sustained, it will reduce the racial disparities in CerCancer survival though at a very slow rate. Therefore, public health officials should monitor progress towards reduction and/or elimination of these disparities. Although further progress seems to be very slow given the current screening programs and treatments, it might be achieved by extending the quality of the screening programs. This could possibly be achieved by using more advanced screening tests. Follow-up after abnormal Pap test results or advances in treatments and access to quality health care, is often compromised among underserved minorities, particularly in older Black women, who happen to be mostly uninsured and living especially in the BBC of Alabama.

Overall, this study indicates that White women diagnosed with early stages of CerCancer living in the urban, BB and other rural counties, were more likely to survive compared to their Black counterparts. Confounder factors such as race and ethnicity, and biologic characteristics that need further exploration may influence reasons for these differences. The findings in this study indicate that Blacks diagnosed with distant stage of CerCancer especially those who are 65 years and older are less likely to survive 5 years after diagnosis with this stage of CerCancer. This highlights the need to investigate the genetic etiology, as well as the timing of diagnosis, treatment efficacy, and participation in clinical trials.
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